Phosphorylation of syntaphilin by cAMP-dependent protein kinase modulates its interaction with syntaxin-1 and annuls its inhibitory effect on vesicle exocytosis.
cAMP-dependent protein kinase (PKA) can modulate synaptic transmission by acting directly on the neurotransmitter secretory machinery. Here, we identify one possible target: syntaphilin, which was identified as a molecular clamp that controls free syntaxin-1 and dynamin-1 availability and thereby regulates synaptic vesicle exocytosis and endocytosis. Deletion mutation and site-directed mutagenesis experiments pinpoint dominant PKA phosphorylation sites to serines 43 and 56. PKA phosphorylation of syntaphilin significantly decreases its binding to syntaxin-1A in vitro. A syntaphilin mutation of serine 43 to aspartic acid (S43D) shows similar effects on binding. To characterize in vivo phosphorylation events, we generated antisera against a peptide of syntaphilin containing a phosphorylated serine 43. Treatment of rat brain synaptosomes or syntaphilin-transfected HEK 293 cells with the cAMP analogue BIMPS induces in vivo phosphorylation of syntaphilin and inhibits its interaction with syntaxin-1 in neurons. To determine whether PKA phosphorylation of syntaphilin is involved in the regulation of Ca(2+)-dependent exocytosis, we investigated the effect of overexpression of syntaphilin and its S43D mutant on the regulated secretion of human growth hormone from PC12 cells. Although expression of wild type syntaphilin in PC12 cells exhibits significant reduction in high K(+)-induced human growth hormone release, the S43D mutant fails to inhibit exocytosis. Our data predict that syntaphilin could be a highly regulated molecule and that PKA phosphorylation could act as an "off" switch for syntaphilin, thus blocking its inhibitory function via the cAMP-dependent signal transduction pathway.